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Background: In clinical settings, it is important for health care providers to measure different aspects of functioning
in older adults with joint pain and comorbidity. Besides the use of distinct measures, it could also be attractive to
have one general measure of functioning that incorporates several distinct measures, but provides one summary
score to quantify overall level of functioning, for example for the identification of older adults at risk of poor
functional outcome. Therefore, we selected four measures of functioning: Physical Functioning (PF), Activities of
Daily Living (ADL), Instrumental Activities of Daily Living (IADL) and participation, and tested the possibility to
aggregate these measures into one general measure of functioning.
Methods: A prospective cohort study of older adults (≥65 years) with joint pain and comorbidity provided baseline
data (n = 407) consisting of PF (PF subscale, RAND-36; 10 items), ADL (KATZ index; 6 items), IADL (Lawton index; 7
items) and participation (KAP; 6 items). We tested two models with confirmatory factor analysis: first, a bifactor
model with all four measures and second, a bifactor model with PF, ADL and IADL and a correlated but distinct
subgroup factor for participation. Several model fit indexes and reliability coefficients, such as explained common
variance (ECV) and omegas were computed for both models.
Results: The first model fitted the data well, but the reliability analysis indicated multidimensionality and unique
information in the subgroup factor participation. The second model showed similar model fits, but better reliability;
ECV = 0.67, omega-t = 0.94, low omega-s = 0.18-0.22 on the subgroup factors and high omega of 0.82 on
participation, which all were in favour of the second model.
Conclusions: The results indicate that PF, ADL and IADL could be aggregated into one general measure of
functioning, whereas participation should be considered as a distinct measure.
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Joint pain is a common symptom in primary care, which
often contributes to impaired functioning, especially
among older adults [1,2]. In older people, complaints
such as joint pain are often present in combination with
other chronic diseases [3-5]. The combination of joint
pain and other diseases increases the risk of becoming* Correspondence: l.hermsen@vumc.nl
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reproduction in any medium, provided the ordisabled [6], which highlights the importance of provid-
ing appropriate care for this group, with early recogni-
tion of older adults at risk of poor functional outcome.
The International Classification of Functioning (ICF)
model provides a framework to describe normal and ab-
normal functioning [7]. The domains activities and par-
ticipation capture levels of functioning at an individual
and societal level, respectively. In clinical settings, it is
important for health care providers to measure aspects
of functioning that are incorporated in these two ICF
domains, as this contributes to optimal management
and treatment of joint pain and comorbidity [8]. For theal Ltd. This is an open access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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cation of older adults at risk of poor functional outcome,
it may be more attractive to use one general measure for
functioning. Such a general measure would include vari-
ous aspects of functioning, but provides one summary
score quantifying the overall level of functioning, which
subsequently would enable the development of a general
prediction model for poor functional outcome, instead
of distinct models for each measure. This may facilitate
the creation of a more common language in the identifi-
cation of older adults at risk of poor functional outcome
and subsequent follow-up strategies in primary care.
Some researchers already have suggested combining
the activities and participation domains for assessment,
because of their interrelatedness [9]. Furthermore, an-
other study provided evidence for the use of a unidimen-
sional measure for both domains, based on selected ICF
measures [10]. This indicates that the domains activities
and participation can be aggregated. However, other
studies found impairments, activity limitations and par-
ticipation restrictions to be only moderately related;
these studies reported that impaired older adults, with
limitations in activities, were often still capable to par-
ticipate in social activities [11]. Furthermore, literature
emphasize the importance to distinguish between the
two concepts for empirical testing and the development
of management strategies for disability [12,13].
The contradictory findings in literature denote that it
remains challenging to find the best approach in how to
use the different measures of functioning and how to
optimize the identification of older adults at risk of poor
functional outcome. Therefore, in the context of a larger
research project aiming to develop a prediction model
for poor functional outcome, in the present study we
took a first step by exploring the possibility to aggregate
four functional measures: Physical Functioning (PF), Ac-
tivities of Daily Living (ADL), Instrumental Activities of
Daily Living (IADL) and participation. Such an overall
score incorporates all measures, but enables a more gen-
eral approach in the identification of older adults at risk
of poor functional outcome.
Methods
Design/ study population
We used baseline data from a prospective cohort study
on functional outcome in older adults with joint pain
and comorbidity. Details about the study design, selec-
tion procedure and methods have been previously pub-
lished [14]. The Medical Ethics Committee of the VU
University Medical Center, Amsterdam, approved the
study protocol. Participants were recruited from 22 gen-
eral practices in the region of Amsterdam and were eli-
gible for participation if they (i) were 65 years or older;
(ii) had two or more chronic diseases and (iii) reportedjoint pain on most days in the past month in at least one
of eight joint pain sites: neck, back, shoulder, elbow,
wrist/hand, hip, knee and ankle/foot, in a screening
questionnaire [14]. Written informed consent was ob-
tained from all participants.
Measures
Physical Functioning was measured with the 10-item PF
subscale of the RAND-36 Item Health Survey (RAND-36)
[15], which measures limitations in vigorous activities
(PF1), moderate activities (PF2), carrying groceries (PF3),
climbing several stairs (PF4), climbing one stair (PF5),
bending/kneeling (PF6), walking more than one kilometre
(PF7), walking half a kilometre (PF8), walking 100 metres
(PF9) and self-care (PF10). Answers are scored on an or-
dinal 3-point scale (severe limitations, some limitations, no
limitations). The scores were coded, summed and trans-
formed into a scale score ranging from 0 (worst score) to
100 (best score).
ADL was measured with a modified version of the
KATZ index of Independence in Activities of Daily Living
(ADL) [16], which asks if the respondent needs help with
bathing (A1), dressing (A2), toileting (A3), continence
(A4), getting out of a chair (A5) and eating (A6). Answers
were scored as 0 (independent) or 1 (dependent) and the
item scores were summed to a total score of 0 (best score)
to 6 (worst score).
IADL was measured with the Lawton Instrumental
Activities of Daily Living Index (IADL) [16], which asks
if the respondent needs help with using the telephone
(I1), travelling (I2), doing groceries (I3), preparing a meal
(I4), housework (I5), taking medicine (I6) and managing
money (I7). Answers were scored as 0 (independent) or
1 (dependent) and the items were summed to a total
score of 0 (best score) to 7 (worst score).
Participation was measured with the 11-item Keele
Assessment of Participation (KAP) [17], which measures
restrictions in mobility inside the home (P1), mobility
outside the home (P2), self-care (P3), looking after home
(P4), looking after belongings (P5), looking after depen-
dants (P6), interpersonal interactions (P7), managing
money (P8) and participation in work (P9), education
(P10) and social activities (P11). Responses were rated
on a 5-point rating scale (all, most, some, a little, none
of the time). In a previous analysis, we explored the di-
mensionality of the KAP and the use of a categorical
scoring, in which the above mentioned response options
‘all’ to ‘none’ were scored as 0, 1, 2, 3, 4 and the sum of
the item scores were calculated. Exploratory factor ana-
lyses revealed two underlying constructs in the 11 item
KAP questionnaire, of which only the domain ‘participa-
tion in basic activities’ (KAPd1; 6 items) showed ad-
equate reliability [18]. Based on these results, we
decided to include only KAPd1, which includes the
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0–4 scoring and calculated a total score with a range
from 0 (best score) to 24 (worst score).
Statistical analysis
We only studied participants with complete data. De-
scriptive statistics were used to describe the baseline
characteristics of the sample and prevalence of limita-
tions in PF, ADL, IADL and participation. Participants
were classified as limited in PF if they scored below the
cut-off score of 61 (pooled mean score in a general older
Dutch population; 63–77 years: mean 64.8, 78 year or
older: mean 57.3) [15] and limited in (I)ADL if they re-
ported at least one limitation on the (I)ADL items. Based
on a median score of 2, we dichotomized the domain
participation in basic activities in 0–1 (good participa-
tion) and 2–24 (poor participation).
Bifactor model
We reversed the PF scoring so that all four functional
measures were scored in the same direction, with higher
scores reflecting worse functioning. To examine the pos-
sibility to aggregate the four functional measures, i.e.
physical functioning (PF; 10 items), ADL (A; 6 items),
IADL (I; 7 items) and participation (P; 6 items), into one
general measure for ‘functioning’ (PF/A/I/P; 29 items),
we tested a bifactor model. This model is illustrated in
Figure 1, model 1. A bifactor model is an extensive
method of confirmatory factor analysis (CFA) [19]. It
contains one general factor that is assumed to underlie
all items and several subgroup factors that are aspects of
this general factor (construct functioning). The generalModel 1
Figure 1 Illustration of two models. Model 1: Bifactor model: 1 general f
items), ADL* (A; 5 items), IADL (I; 7 items) and participation (P; 6 items) Mod
and 3 subgroup factors: physical functioning (PF; 10 items), ADL* (A; 5 item
(P; 6 items) *item A6 (eating) is excluded from the models.factor and subgroup factors are uncorrelated, which
means that the subgroup factors are not dependent on
the general factor and thus provide unique information
over and above the general factor [20]. In our conceptual
model, the bifactor model accounts for (i) the correla-
tions among the 29 items in the general factor ‘function-
ing’ that reflects the overlap across all items, where
higher factor loadings on the general factor indicate that
these items contribute more to the general construct
‘functioning’, and (ii) independent subgroup factors, i.e.
PF, ADL, IADL, participation, that reflect coherence
among specific groups of items and provide unique in-
formation over and above the general construct ‘func-
tioning’. In other words, the factor loadings on the
subgroup factors provide insight into information that
would be lost when aggregating the various measures of
functioning, with higher factor loadings on the subgroup
factor indicating more loss of information of that item
on the aggregated construct [20].
Based on the findings from the above mentioned bifac-
tor model analysis, we subsequently tested a second
model that includes a bifactor model, based on three
functional measures PF, ADL and IADL, and a separate
but correlated factor participation, as illustrated in
Figure 1, model 2.
Both models were tested with CFA for ordered cat-
egorical items (all 29 individual items are used in their
ordinal form), which uses polychoric correlations and
the method of weighted least squares with mean and
variance adjustment (WLSMV) to estimate the loadings
[21]. Factor loadings and residual variance were com-
puted for all individual items. Low residual varianceModel 2
actor functioning and 4 subgroup factors: physical functioning (PF; 10
el 2: Combination of a bifactor model: 1 general factor functioning
s), IADL (I; 7 items) and a separate but correlated factor participation
Table 1 Sociodemographic and clinical characteristics of
the study population (N = 407)
Gender: female, n (%) 254 (62.4)
Age, mean (SD) 76.8 (6.3)
Nationality: Dutch, n (%) 386 (95.1)
Marital status: married/ cohabiting, n (%) 236 (58.7)
Living situation: together, n (%) 242 (59.5)





Number of chronic diseases, n (%)
2 chronic diseases 210 (51.6)
≥3 chronic diseases 197 (48.4)
Joint pain
Number of joint pain sites, n (%)
single 38 (9.4)
multiple 367 (90.6)
Pain duration worst pain site: ≥ 6 months, n (%) 358 (89.5)
Pain intensity CPG (range 0–100), mean (SD) 64.4 (17.3)
Functional impairment
Impaired physical functioning (PF), yes, n (%) 267 (65.6)
ADL limitations (KATZ), yes, n (%) 127 (31.2)
IADL limitations (Lawton), yes, n (%) 248 (60.9)
Participation restriction in basic activities (KAP), yes, n (%) 190 (46.7)
Number of functional impairments, n (%)
1-2 165 (40.6)
3-4 166 (40.7)
n = number; SD = standard deviation; CPG = Chronic Pain Grade;
ADL = Activities of Daily Living; IADL = Instrumental Activities of Daily Living;
KAP = Keele Assessment of Participation.
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fits, three absolute close-fit indexes, i.e. ×2/df, root mean
squared error of approximation (RMSEA) and weighted
root mean square residual (WRMSR) and two incremen-
tal close-fit indexes, i.e. comparative fit index (CFI) and
Tucker-Lewis index (TLI) were used, according to Hu
and Bentler [22]. The following cut-off points were con-
sidered as indicative of an adequate model fit: ×2/df <2,
CFI and TLI >0.95, RMSEA <0.06 and WRMSR < 1.0
[22,23].
Reliability analysis
We computed the proportion of explained common vari-
ance (ECV) and the model based reliability coefficients of
all included items. The ECV is the ratio of the explained
variance by the general factor divided by the variance ex-
plained by both the general and the subgroup factors, in
which a higher ECV indicates unidimensionality [24]. For
reliability assessment, in contrast to the conventional Cron-
bach’s alpha (which tends to underestimate the reliability of
the total score), we calculated model based coefficients
omegas [25]. This is the preferred method as it assumes no
equally sized factor loadings [26]. In order to interpret the
omegas as sum score reliabilities, we transformed the fitted
polychoric correlations back into the original score metric,
yielding the fitted covariance matrix and calculated the reli-
ability coefficients based on this matrix, by using a SAS
program [27]. This method is preferred, because it is easier
to interpret the omegas (similar to Cronbach’s alpha). Fur-
thermore, the total score will be applied in clinical practice.
Similar to Cronbach’s alpha, omega-total (omega-t) is an es-
timator for the reliability of the general factor (total score),
thus the proportion of test variance due to all the factors in
the model (so items on the general factor and items on the
subgroup factors, divided by the error loadings), whereas
the omega-hierarchical (omega-h) is the proportion of test
variance that can be attributed to only the general factor.
Next, we calculated the distinct omegas for all subgroup
factors, in which subgroup-omegas yield the reliability of
the subgroup factors, whereas omega-s indicates the re-
sidual reliability of the subgroup factors [28]. For omega-t,
omega-h and subgroup-omegas, a coefficient omega of
>0.70 corresponds with an appropriate model, whereas a
low omega-s indicates that the subgroup factor does not
contribute to the information provided by omega-t [28].
Results
Sample characteristics
The patient characteristics are presented in Table 1. The
study sample consisted of 407 participants, mostly fe-
male (62%), with a mean age of 76.8 years (SD = 6.3).
Participants often had more than three chronic diseases
(48%) and multiple joint complaints (91%). More than
half of the participants with at least one functionallimitation on the four measures (81%) reported impair-
ment on three or four measures. Complete data on all
29 items were available for 95% of the participants.Model 1
At first, we tested a bifactor model that includes all four
measures (Figure 1, model 1). The model showed some
problems. Firstly, none of the respondents scored positive
on item A6: “Do you need help with eating?” Therefore, we
removed this item from the model. Secondly, the residual
variances of item PF8 (walking 0.5 kilometre) and item I1
(using telephone) were negative, which indicated an error
in the model. Therefore, we constrained the residual vari-
ance to 0.05 for these items. The final adjusted bifactor
model fitted the data well. Fit statistics were as follows:
×2/df = 534/324 = 1.65, RMSEA= 0.040 (90% CI: 0.034-
Hermsen et al. BMC Geriatrics 2013, 13:119 Page 5 of 8
http://www.biomedcentral.com/1471-2318/13/1190.046), CFI = 0.987, TLI = 0.984. Only WRMR showed a
minimal deviation compared to the guidelines (1.081).
Reliability analysis
The ECV (explained common variance) was 0.61, which
indicates underlying factors in the general factor, and
thus multidimensionality. This was further confirmed
when we looked at the omega-s of the subgroup factors,
in which we controlled for the general factor. The results
showed values of 0.22, 0.20, 0.15 and 0.53 for PF, ADL,
IADL and participation, respectively. In contrast to the
first three subgroup factors, the high omega-s of the sub-
group factor participation indicates that the majority of
the reliability variance on the participation score is inde-
pendent of the general factor and thus provides unique
information over and above the general factor. This indi-
cates that the subgroup factor participation should be
assessed separately.
Model 2
Based on the above findings, we further tested a combined
model, which included a bifactor model with the subgroup
factors PF, ADL and IADL and separate but correlated fac-
tor participation (Figure 1, model 2). Besides item PF8 and
I1 (as seen in model 1), in model 2 we also constrained
item A1 to 0.05, because of a negative residual variance.
The standardized factor loadings and residual variances
for all 29 individual items are presented in Table 2. The fit
statistics were similar to model 1: ×2/df = 542/327 = 1.65,
RMSEA = 0.040 (90% CI: 0.034-0.046), CFI = 0.986, TLI =
0.984, WRMW= 1.083.
Reliability analysis
Firstly, we examined the degree to which the general fac-
tor was confounded by the subgroup factors. The
omega-t was 0.94, whereas the omega-h was 0.79. This
indicates that 0.79/0.94 = 84% of the reliability variance
in the total score is due to the general factor for func-
tioning. In other words, the interpretation of the total
score was hardly confounded by the subgroup factors.
Compared to model 1, the ECV increased to 0.67. The
omega-s of the subgroup factors were all low (0.18 to
0.22), which indicates no unique information on the sub-
group factors over and above the general factor. Further-
more, the omega of the subgroup factor participation
was 0.82, which indicates good reliability.
Discussion
In this study, we explored the possibility to aggregate
four measures of functioning: Physical Functioning
(PF), Activities of Daily Living (ADL), Instrumental
Activities of Daily Living (IADL) and participation,
into one general measure that quantifies overall level
of functioning, by testing a bifactor model. Thebifactor model fitted the data well. However, the reli-
ability analysis indicated multidimensionality in the
general factor functioning and unique information
over and above the general factor in the subgroup
factor participation. Therefore, we tested a second
model that included a bifactor model (PF, ADL and
IADL) and separate but correlated factor participa-
tion. Compared to model 1, model 2 showed equal
model fits, but better reliability. Thus, the results
favour the use of an aggregated measure of PF, ADL
and IADL and a separate measure for participation.
For research studies, this means that full data should
be collected for all four functional measures, but sub-
sequently the researchers can calculate a summary
score for PF, ADL and IADL, to assess overall level
of functioning and to develop prediction models for
poor functional outcome in older populations. Partici-
pation should be used as distinct measure.
Two considerations should be made, when interpret-
ing these results. Although the ECV increased in model
2, this increase was lower then expected. This could be
explained by the low omega on the subgroup factor
ADL (0.50), which indicates that this factor contributes
to a lesser extent to the general construct functioning
than the other subgroup factors. Thus, one could argue
about including ADL as functional outcome in the gen-
eral measure, as it provides no additional information
over and above the measures PF and IADL, at least not
in our primary care sample. Furthermore, there is some
overlap between the included items within the four
measures of functioning. For example, the item ‘self-
care’ is assessed in the PF and ADL as well as in the
participation measure. One would expect high correla-
tions between these items, which could subsequently be
an argument for exclusion of these items. However, we
decided to maintain all items in the analyses for two
reasons. First, these items are part of existing and vali-
dated questionnaires and all necessary to examine the
constructs of interest. Second, the conceptual models
behind the four measures differ substantially. This can
be illustrated by the item ‘self-care’. In the measure PF,
participants are asked if they are disabled in performing
self-care tasks. In the second measure ADL, partici-
pants are asked if they need help with their self-care. In
the third measure participation, participants are asked
if they are able to perform their self-care if and when
they want to, despite possible help from devices or rela-
tives. All three constructs could be related, but this is
definitely not always the case. Someone with problems
in performing a task does not necessary need help with
performing this task. On top of these arguments, a cor-
relation analyses with all items about the example self-
care showed correlations between 0.21 and 0.61, which
indicates no signs of collinearity (data not shown). This
Table 2 Standardized factor loadings and reliability coefficients (omegas) of the most optimal model that combines (i)
a bifactor model: general factor and 3 subgroup factors: physical functioning (PF; 10 items), ADL (A; 6 items), IADL
(I; 7 items) and (ii) a separate but correlated factor participation (P; 6 items)
Bifactor Correlated factor Residual variance
General factor Subgroup factors
Functioning PF ADL IADL participation
PF1 Vigorous activities 0.723 0.046 0.475
PF2 Moderate activities 0.879 0.127 0.211
PF3 Carrying groceries 0.832 0.104 0.298
PF4 Climbing several stairs 0.845 0.346 0.167
PF5 Climbing one stair 0.830 0.384 0.163
PF6 Bending/kneeling 0.581 0.271 0.588
PF7 Walking > 1 kilometre 0.731 0.644 0.076
PF8 Walking 0.5 kilometre 0.625 0.747 0.050†
PF9 Walking 100 metres 0.623 0.755 0.043
PF10 Self-care 0.738 0.161 0.430
A1 Bathing 0.675 0.703 0.050†
A2 Dressing 0.621 0.710 0.110
A3 Toileting 0.608 0.525 0.355
A4 Continence 0.443 −0.016 0.803
A5 Getting out of chair 0.594 0.284 0.566
A6 Eating* - - -
I1 Using telephone 0.384 0.896 0.050†
I2 Travelling 0.742 0.281 0.370
I3 Doing groceries 0.710 0.491 0.254
I4 Preparing meal 0.494 0.433 0.569
I5 Housework 0.747 0.230 0.389
I6 Taking medicine 0.673 0.197 0.508
I7 Managing money 0.397 0.443 0.646
P1 Mobility inside home 0.742 0.450
P2 Mobility outside home 0.876 0.232
P3 Self-care 0.743 0.448
P4 Looking after home 0.723 0.477
P5 Looking after belongings 0.766 0.414
P7 Interpersonal interactions 0.650 0.577
Correlations with the factor participation 0.507 0.229 0.261 0.283 1
Omega (total and subgroup) 0.94 0.94 0.50 0.72 0.82
Omega hierarchical 0.79
Omega-s 0.22 0.22 0.18
ECV 0.67
*Item A6 (eating) is excluded from the bifactor model.
†Constrained to 0.05, because of negative residual variance.
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measurements.
Until now, there is no consensus about the most opti-
mal use and application of the ICF domains activities and
participation to study level of disability in research. In thepre-final version of the ICF model, activities and participa-
tion were presented as two separate domains, but in the
final version these two domains were again combined into
one concept, because of the difficulty to distinguish be-
tween the two domains. The WHO stated that despite the
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definitions and remain distinguishable. According to the
ICF model, activity limitations are defined as difficulties in
performing a task, whereas participation restrictions are
defined as difficulties in engaging in life situations [7].
Several studies have investigated the similarities and over-
lap between the two domains and found conflicting re-
sults. Some studies found evidence for two dimensions
[12,29] and suggested separation of the domains when for
example analyzing intervention effects, as intervention
could have different effects on both domains [30]. These
studies highlighted the difficulties in making a distinction
between the two domains, as the selected instruments
often measured aspects of activities as well as aspects of
participation [31-33]. But it has been suggested that these
problems may be due to measurement problems, rather
than the constructs being intrinsically different. On the
other hand, there are also studies that support combining
the activity and participation domain [34,35]. All these
contradictory findings and the ongoing debate in litera-
ture highlight the challenge in the classification and sub-
sequent use of the ICF domains in research. Our findings
seem to confirm the classification of the WHO, in which
activities and participation are two distinct domains that
both provide unique information about the level of
functioning.
Our study has several strengths. We used validated
questionnaires to measure functioning and had full data
available from almost all participants. Also, besides test-
ing the bifactor model, we examined the reliability of the
model, by investigating the omegas of both the general
factor and subgroup factors. However, some limitations
of the study should also be mentioned. Firstly, there are
contradictory findings in the literature about the dimen-
sionality of the PF subscale of the RAND-36. As
intended, many studies found evidence for the PF sub-
scale to measure a unidimensional construct [36,37].
However, some studies have indicated that this 10-item
subscale is multidimensional, with interdependency be-
tween the items [38,39]. Based on the moderate support
for unidimensionality, its relevant items, its extensive
use and its feasibility in practice, we decided to include
this questionnaire as a measure for physical functioning.
The testing of the models showed no problems with re-
spect to the 10 items of the PF questionnaire and there-
fore we reasoned that this questionnaire was indeed a
suitable measure for this study. Secondly, earlier re-
search suggested that measuring ADL may be more rele-
vant in clinical settings, like hospitals or nursing homes,
because of the more extensive problems the residents
face [40]. In our study population of older adults, se-
lected in general practices, we found a relatively low
prevalence of ADL limitations, which confirmed earlier
results [1]. Nevertheless, we decided to include thismeasure to provide a complete picture of the impact of
joint pain and comorbidity on different aspects of
functioning.
Conclusions
The results of our analysis support the use of an aggre-
gated functional measure for PF, ADL and IADL, whereas
participation should be considered as a distinct measure,
in research studies that have the broader aim to develop
prediction models for poor functional outcome.
Competing interests
The authors declare that they have no competing interests.
Author’s contributions
LH: Study design; data collection; data analysis; interpretation; manuscript
preparation. DLK: data analysis; interpretation, manuscript preparations. SL,
MS, JD, HvdH: study design; interpretation; manuscript preparations. LH
drafted the article. SL, DLK, MS, JD and HvdH discussed all versions of the
manuscript. All authors revised and approved the final version of the
manuscript.
Acknowledgements
This study is funded by the Netherlands Organisation for Health Research
and Development (ZonMw). The sponsor did not participate in the design,
methods, recruitment, collection, data analysis and interpretation and did
not prepare, review or approve the manuscript.
Author details
1Department of General Practice and Elderly Care Medicine and the EMGO
Institute for Health and Care Research, VU University Medical Center,
Amsterdam, Netherlands. 2Public Mental Health, Netherlands Institute of
Mental Health and Addiction, Utrecht, Netherlands. 3Department of
Epidemiology and Biostatistics and the EMGO Institute for Health and Care
Research, VU University Medical Center, Amsterdam, Netherlands.
4Department of Rehabilitation Medicine and the EMGO Institute for Health
and Care Research, VU University Medical Center, Amsterdam, Netherlands.
Received: 17 June 2013 Accepted: 29 October 2013
Published: 5 November 2013
References
1. Buchman AS, Shah RC, Leurgans SE, Boyle PA, Wilson RS, Bennett DA:
Musculoskeletal pain and incident disability in community-dwelling
older adults. Arthritis Care Res (Hoboken) 2010, 62:1287–1293.
2. Buckwalter JA, Saltzman C, Brown T: The impact of osteoarthritis - Implications
for research. Clin Orthop Relat Res 2004, 427:S6–S15.
3. Bruckenthal P, Reid MC, Reisner L: Special issues in the management of
chronic pain in older adults. Pain Med 2009, 10:S67–S78.
4. Maxwell CJ, Dalby DM, Slater M, Patten SB, Hogan DB, Eliasziw M, Hirdes JP:
The prevalence and management of current daily pain among older
home care clients. Pain 2008, 138:208–216.
5. van den Bussche H, Koller D, Kolonko T, Hansen H, Wegscheider K,
Glaeske G, von Leitner EC, Schäfer I, Schön G: Which chronic diseases and
disease combinations are specific to multimorbidity in the elderly?
Results of a claims data based cross-sectional study in Germany.
BMC Public Health 2011, 11:101.
6. Wijlhuizen GJ, Perenboom RJ, Garre FG, Heerkens YF, van Meeteren N:
Impact of multimorbidity on functioning: evaluating the ICF core set
approach in an empirical study of people with rheumatic diseases.
J Rehab Med 2012, 44:664–668.
7. World Health Organization: International classification of functioning, disability
and health. Geneva: WHO; 2012.
8. Pollard B, Johnston M, Dieppe P: What do osteoarthritis health outcome
instruments measure? Impairment, activity limitation, or participation
restriction? J Rheumatol 2006, 33:757–763.
9. Zochling J, Bonjean M, Grill E, Scheuringer M, Stucki G, Braun J: Systematic
review of measures and their concepts used in published studies
Hermsen et al. BMC Geriatrics 2013, 13:119 Page 8 of 8
http://www.biomedcentral.com/1471-2318/13/119focusing on the treatment of acute inflammatory arthritis. Clin Rheumatol
2006, 25:807–813.
10. Prodinger B, Salzberger T, Stucki G, Stamm T, Cieza A: Measuring
functioning in people with fibromyalgia (FM) based on the international
classification of functioning, disability and health (ICF)- A psychometric
analysis. Pain Pract 2012, 12:255–265.
11. Wilkie R, Peat G, Thomas E, Croft P: Factors associated with restricted
mobility outside the home in community-dwelling adults ages fifty years
and older with knee pain: An example of use of the international
classification of functioning to investigate participation restriction.
Arthritis Rheum 2007, 57:1381–1389.
12. Jette AM, Haley SM, Kooyoomjian JT: Are the ICF activity and participation
dimensions distinct? J Rehabil Med 2003, 35:145–149.
13. Machado GP, Gignac MA, Badley EM: Participation restrictions among
older adults with osteoarthritis: A mediated model of physical
symptoms, activity limitations, and depression. Arthritis Rheum 2008,
59:129–135.
14. Hermsen LA, Leone SS, van der Windt DA, Smalbrugge M, Dekker J,
van der Horst HE: Functional outcome in older adults with joint pain and
comorbidity: design of a prospective cohort study. BMC Musculoskelet
Disord 2011, 12:241.
15. VanderZee KI, Sanderman R, Heyink J: A comparison of two
multidimensional measures of health status: The Nottingham health
profile and the RAND 36-item health survey 1.0. Qual Life Res 1996,
5:165–174.
16. Katz S: Assessing self-maintenance - activities of daily living, mobility, and
instrumental activities of daily living. J Am Geriatr Soc 1983, 31:721–727.
17. Wilkie R, Peat G, Thomas E, Hooper H, Croft PR: The keele assessment of
participation: a new instrument to measure participation restriction in
population studies. Combined qualitative and quantitative examination
of its psychometric properties. Qual Life Res 2005, 14:1889–1899.
18. Hermsen LA, Terwee CB, Leone SS, van der Zwaard B, Smalbrugge M,
Dekker J, van der Horst HE, Wilkie R: Social participation in older adults
with joint pain and comorbidity; testing the measurement properties of
the Dutch Keele Assessment of Participation. BMJ Open 2013, 3:e003181.
19. Babyak MA, Green SB: Confirmatory factor analysis: an introduction for
psychosomatic medicine researchers. Psychosom Med 2010, 72:587–597.
20. Chen FF, West SG, Sousa KH: A comparison of bifactor and second-order
models of quality of life. Multivariate Behav Res 2006, 41:189–225.
21. Kline R: Principles and practices of structural equation modeling. New York:
The Guilford Press; 2005.
22. Hu LT, Bentler PM: Cutoff criteria for fit indexes in covariance structure
analysis: Conventional criteria versus new alternatives. Structural Equation
Modeling -A Multidisciplinary Journal 1999, 6:1–55.
23. Ullman JB: Structural equation modeling. In BG Tabachnick and LS Fidell
Using multivariate statistics. Needham Heights. MA: Allyn and Bacon; 2001.
24. Reise SP: The rediscovery of bifactor measurement Models. Multivariate
Behav Res 2012, 47:667–696.
25. Graham JM: Congeneric and (essential) tau-equivalent estimates of score
reliability: What they are and how to use them. Educ Psychol Meas 2006,
66:930–944.
26. Novick MR, Lewis C: Coefficient alpha and reliability of composite
measurements. Psychometrika 1967, 32:1–13.
27. Green SB, Yang Y: Reliability of summed item scores using structural
equation modeling: An alternative to coefficient alpha. Psychometrika
2009, 74:155–167.
28. Reise SP, Bonifay WE, Haviland MG: Scoring and modeling psychological
measures in the presence of multidimensionality. J Pers Assess 2013,
95:129–140.
29. Pollard B, Dixon D, Dieppe P, Johnston M: Measuring the ICF components
of impairment, activity limitation and participation restriction: an item
analysis using classical test theory and item response theory. Health Qual
Life Outcomes 2009, 7:41.
30. Pollard B, Johnston M, Dieppe P: Exploring the relationships between
international classification of functioning, Disability and Health (ICF)
constructs of impairment, activity limitation and participation restriction
in people with osteoarthritis prior to joint replacement. BMC
Musculoskelet Disord 2011, 12:97.
31. Jette AM, Tao W, Haley SM: Blending activity and participation sub-domains
of the ICF. Disabil Rehabil 2007, 29:1742–1750.32. Ayis S, Arden N, Doherty M, Pollard B, Johnston M, Dieppe P: Applying the
impairment, activity limitation, and participation restriction constructs of
the ICF model to osteoarthritis and low back pain trials: A reanalysis.
J Rheumatol 2010, 37:1923–1931.
33. Perenboom RJM, Chorus AMJ: Measuring participation according to the
international classification of functioning, disability and health (ICF).
Disabil Rehabil 2003, 25:577–587.
34. Cieza A, Ewert T, Ustun TB, Chatterji S, Kostanjsek N, Stucki G: Development
of ICF core sets for patients with chronic conditions. J Rehabil Med 2004,
36:9–11.
35. Alviar MJ, Olver J, Lant JFP, Brand C, de Steiger R, Pirpiris M, Bucknill A, Khan F:
Can the ICF osteoarthritis core set represent a future clinical tool in
measuring functioning in persons with osteoarthritis undergoing hip and
knee joint replacement? J Rehabil Med 2012, 44:955–961.
36. Dallmeijer AJ, de Groot V, Roorda LD, Schepers VP, Lindeman E, van den Berg LH,
Beelen A, Dekker J: Cross-diagnostic validity of the SF-36 physical functioning
scale in patients with stroke, multiple sclerosis and amyotrophic lateral
sclerosis: A study using Rasch analysis. J Rehabil Med 2007, 39:163–169.
37. Haley SM, Mchorney CA, Ware JE: Evaluation of the MOS SF-36 physical
functioning scale (PF-10).1. Unidimensionality and reproducibility of the
rasch item scale. J Clin Epidemiol 1994, 47:671–684.
38. Muller S, Thomas E, Peat G: Derivation and testing of an interval-level
score for measuring locomotor disability in epidemiological studies of
middle and old age. Qual Life Res 2009, 18:1341–1355.
39. Raczek AE, Ware JE, Bjorner JB, Gandek B, Haley SM, Aaronson NK, Apolone G,
Bech P, Brazier JE, Bullinger M, Sullivan M: Comparison of Rasch and
summated rating scales constructed from SF-36 physical functioning items
in seven countries: Results from the IQOLA Project. J Clin Epidemiol 1998,
51:1203–1214.
40. Fieo RA, Austin EJ, Starr JM, Deary IJ: Calibrating ADL-IADL scales to improve
measurement accuracy and to extend the disability construct into the
preclinical range: a systematic review. BMC Geriatr 2011, 11:42.
doi:10.1186/1471-2318-13-119
Cite this article as: Hermsen et al.: Exploring the aggregation of four
functional measures in a population of older adults with joint pain and
comorbidity. BMC Geriatrics 2013 13:119.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
